Recent work has indicated that about 90% of non-radiogenic xenon in the Earth's mantle has a subducted atmospheric origin, suggesting that other seawater-derived components may also have subducted origins in the mantle. In order to test this proposition, we investigated the concentrations of water and halogens (F, Cl, Br, I) in samples of magmatic glasses collected from globally distributed mid ocean ridges and oceanic islands including melts derived from all the mantle end-member reservoirs:
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Depleted MORB mantle (DMM), Enriched mantle (EM1 and EM2) and high-μ (HIMU). After eliminating samples that show evidence for late-stage assimilation of seawater components, our data show unexpected broad correlations between mantle H 2 O/Ce, Cl/K, F/Pr, Nb/U and Ce/Pb. The data confirm that EM reservoirs with low Nb/U and Ce/Pb ratios have low H 2 O/Ce, Cl/K and F/Pr that demonstrates a relative depletion in water and halogens, consistent with the presence of dehydrated sediments or continental crustal material in EM sources. In contrast, HIMU reservoirs, which are depleted in most fluid mobile trace elements and characterised by high Nb/U and Ce/Pb ratios, are substantially enriched in H 2 O and halogens. The H 2 O and halogen enrichment of these sources is at odds with HIMU reservoirs being derived solely from dehydrated ocean crust, but can be easily explained if subducted ocean crust is associated with variable quantities of serpentinised lithospheric mantle. Our data also show that the abundance ratios of the most incompatible halogens (Br/Cl and I/Cl) have overlapping and narrow ranges in MORB and all OIB. Furthermore, the median I/Cl of the mantle is estimated as 0.000063 ±0.000005 which is substantially lower than the calculated primitive mantle value of 0.00027 ±0.00012. Given that I and Cl have similar incompatibilities in the mantle, this cannot be explained by melting related extraction but can be explained by preferential subduction of Cl relative to I, which is suggested by the relative abundances of these halogens in amphibolites and antigorite-serpentinites. We calculate that subduction Therefore the Earth's mantle is now dominated by subducted H 2 O, Cl, Br and I and the exchange of volatiles between Earth's surface reservoirs and mantle is much greater than previously anticipated.
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